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Introduction
Vertebral osteomyelitis with concomitant spinal epidural abscess (SEA) is an uncommon medical condition with potentially serious consequences. The mortality rates associated with SEA are high and range from 5 to 20%.
1 A diagnosis of SEA is suspected based on clinical findings, laboratory data, and radiographic studies and can only be confirmed by drainage. 2 It is estimated that $50% of patients are misdiagnosed at the time of initial presentation. 3 The most common location for vertebral osteomyelitis associated with SEA is the lumbar spine, with one major case series reporting 54.7% of patients having lumbar involvement. 4 The optimal treatment of SEA remains controversial, but the growing evidence seems to suggest that surgical decompression together with systemic antibiotics is the treatment of choice. 2 The surgical approaches for vertebral osteomyelitis with SEA vary and depend on the location of neural compression and degree of bony involvement. Historically, lumbar vertebral body resection and reconstruction have been performed via the anterior transcavitary approach followed by posterior instrumented fixation. Multiple reports exist describing posterioronly debridement and anterior stabilization of thoracolumbar osteomyelitis in patients with tuberculosis-related and other nontuberculosis-associated pyogenic infections. 5, 6 In this report, we present a single-stage, posterior-only approach to achieve L4 vertebrectomy in the surgical treatment of lumbar vertebral osteomyelitis with SEA and describe the management and postoperative complications. To our knowledge, this patient is the first reported case of a posterior-only approach for lumbar circumferential decompression and reconstruction in the treatment of pyogenic osteomyelitis with SEA.
Case Report Presentation
The patient was a 42-year-old man with past medical history significant for human immunodeficiency virus and hepatitis C. the left psoas abscess, yielding $10 mL of purulent fluid, which subsequently grew MRSA. On the fifth day, he developed septic emboli to the lungs and his condition continued to deteriorate despite maximal medical management. At this point, it was decided that surgical treatment was necessary for infectious source control for failure of antibiotic treatment in this patient.
Operation
The patient was taken to the operating room 8 days after admission. He was deemed medically stable but with a high risk for complications including mortality. Intraoperatively, several large pockets of purulent material were encountered in the deep paraspinal and iliopsoas musculatures, which were cultured and thoroughly debrided and later grew MRSA. Following subperiosteal dissection, pedicle screw-based posterior segmental instrumentation was performed from L2 to S1. Laminectomy followed by the resection of the superior and inferior facet joints, bilateral transverse processes, and pedicles of L4 was then performed. Finally, vertebrectomy of L4 including diskectomies at L3-L4 and L4-L5 with placement of an expandable titanium cage filled with iliac crest autograft mixed with vancomycin powder was performed using a combination of curettes, rongeurs, and disk shavers. Placement was achieved without sacrificing the L4 nerve root. Two cross-links, placed at L2-L3 and L5-S1, were used for additional axial stabilization. Posterolateral fusion was attempted from L2-S1 with iliac crest autograft (►Fig. 2).
Postoperative Course
Postoperatively, the patient's overall medical status gradually improved. However, on postoperative day 29 his wound dehisced necessitating deep wound irrigation and debridement, and the radiographic studies revealed a subfascial collection. The wound was copiously irrigated and all the bone graft placed in the posterolateral gutters removed. Intraoperative cultures grew Enterobacter species and the patient was placed on intravenous doxycycline for 6 weeks based on antibiotic susceptibility results and recommendations from the infectious disease team. The wound subsequently healed without further problems. The patient was discharged to an acute rehabilitation facility because of severe deconditioning on postoperative day 40 and eventually was discharged home on postoperative day 67. At the 6-month follow-up, the patient was functioning remarkably well but had some low back pain. Plain radiographs and CT of the lumbosacral spine showed pedicle screw loosening in the sacrum (►Fig. 3). There was no bone graft left in the posterolateral space, and impending pseudarthrosis and failure of the fusion construct were likely if nothing was done. Therefore, the patient successfully underwent a lateral interbody fusion at L2-L3 and an anterior interbody fusion at L5-S1 (►Fig. 4). At the 1-year follow-up, the patient was neurologically intact, pain-free, off narcotic pain medications, and back to full physical activity.
Discussion
SEA most often occurs from bacterial infection, with S. aureus identified as the causative pathogen in two-thirds of all cases.
1 Our patient had MRSA bacteremia and grew the same pathogen from his wound. The portion of SEA cases due to MRSA has been increasing over the past decade, and there is evidence that MRSA has been associated with poorer outcomes.
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The posterior transpedicular approach with vertebral body reconstruction technique, feasibility, and success have been previously described in patients with spinal tumors, trauma, 
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and deformity. [8] [9] [10] [11] [12] [13] [14] [15] In spinal tumors, this procedure has been shown to reduce blood loss, operative time, overall morbidity, and hospital stay when compared with the combined anterior and posterior approach. 16 Kim et al showed that the morbidity of the anterior thoracolumbar approach was associated with high rates of postoperative pain (32.3%), disk bulging (43.5%), and functional disturbances (24.2%) in a cohort of 62 adult patients who underwent deformity surgery. 17 The posterior transpedicular approach is a less invasive treatment option that provides access for a safe and effective circumferential decompression and stabilization through a single posterior midline incision. 16 Gorensek et al reported on a series of 23 patients with bacterial osteomyelitis and SEA treated operatively, 7 of whom had lumbar involvement only and underwent allposterior debridement and instrumented fusion including interbody fusion. 18 The authors concluded that the posterioronly approach led to a faster postoperative recovery, shorter surgical times, and less operative blood loss compared with the combined single-stage procedure and double-stage combined approach. Sundararaj et al investigated the use of titanium cages in 70 patients with tuberculosis or bacterial vertebral osteomyelitis who underwent single-stage anterior debridement, reconstruction of the anterior column with titanium mesh cage, and posterior instrumentation and concluded that despite the theoretical risks, titanium cages are a suitable alternative to autologous tricortical iliac crest bone graft in patients with active spinal infections. 19 Bydon et al compared outcomes between patients undergoing decompression-only versus decompression and instrumented fusion for primary spinal infection and concluded that spinal instrumentation in patients with primary spinal infection did not lead to greater recurrent infection rates. 20 Gonzalvo et al retrospectively reviewed nine patients with spontaneous pyogenic osteomyelitis/diskitis who underwent posterior decompression and instrumented fusion and found that the long-term outcomes (Oswestry Disability Index, EQ-5D) showed that most patients had a quality of life equivalent to that of the general population and most of them were able to return to work or resume their usual activities.
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Our patient presented with advanced sepsis in the setting of lumbar vertebral osteomyelitis and SEA, which presented a formidable challenge, as successful surgery would entail thorough circumferential decompression and subsequent three-column reconstruction. Our choice of surgical approach in this patient was influenced by the patient's rapidly declining medical condition and location of infection. The posterioronly approach offered several advantages to the care of this patient. The infection spanned from the paraspinal musculature, through the epidural space, into the L4 vertebral body and psoas muscles. By choosing a posterior-only approach, we were able to access and debride all the infected sites with a single surgery, thus minimizing the operative morbidity associated with an additional anterior approach. Furthermore, bypassing the need for an anterior approach decreased the risk of introducing infection into a sterile anterior abdominal compartment and potentially worsening this patient's condition.
The surgical reconstruction of the vertebral column in the lumbar spine can present significant challenges using this approach. Given the small and relatively deep operative field with limited space, insertion of a static cage that can span the entire lumbar vertebral body including the disk space above and below is not possible without sacrificing one of the nerve roots. The use of an expandable cage filled with iliac crest autograft allowed us to insert the cage around the L4 nerve root and span the entire vertebrectomy defect while preserving the nerve root. Studies from the spinal tumor literature found the use of expandable cages to be safe and durable with a very low incidence of cage-related construct failures and no significant problems with subsidence.
22,23
We mixed vancomycin powder with iliac crest autograft in the expandable titanium cage in hopes of minimizing bacterial colonization and biofilm formation around the cage construct and maximizing infection control. Several recent studies described the use of vancomycin powder within the surgical wound to decrease surgical wound infection and adverse events in patients undergoing spinal surgery.
24-27
The latest meta-analysis evaluating the risk of postoperative infection and/or pseudarthrosis in 3,379 patients undergoing spinal surgery in which vancomycin powder was applied within the surgical wound found a significantly reduced risk of surgical site infections without an increase in pseudarthrosis or adverse events.
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Due to the instability created by the circumferential resection of the L4 vertebra, we chose to use two cross-links to provide increased rotational stiffness to our construct. A biomechanical study on the mechanical stability of thoracolumbar pedicle screw fixation found that rotation stiffness values of the two-cross-link construct were significantly higher than those of the zero-cross-link system, at 2.5 degrees and 3.5 degrees of rotation.
28 Furthermore, lateral bending stiffness of the two-cross-link system was found to be higher than that of the zero-cross-link system at all levels of displacement.
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We chose to leave the anterior wall of the vertebral body of L4 intact, as it constituted a barrier to protect the great vessels and also served as a fusion bed with vascular supply from segmental vessels needed to facilitate future fusion.
Our index fusion spanned four lumbar levels with end fixation into the sacrum. Previous studies have shown that in lumbar fusion surgery of three or more levels, the incidence of pseudarthrosis at the L5-S1 level is significantly higher than those in one-level or two-level fusion surgery.
26 Pelvic fixation is a viable option of augmenting biomechanical fixation of the distal fusion segment and decreasing the stresses on the sacral instrumentation, which often predisposes them to failure. Spinopelvic fixation via placement of iliac screws has been shown to be a biomechanically sound method of stabilizing multilevel lumbosacral constructs. 27 In our patient, we opted against extending the construct to the pelvis for several reasons. Pelvic fixation would require significantly more exposure to noninfected tissues and increased surgical time and operative blood loss in this patient who was critically sick at the time of surgery. We also wanted to minimize the amount of instrumentation implanted into this patient due to the setting of infection. This patient needed deep wound irrigation and debridement with the removal of the posterolateral bone graft following the index surgery, which predisposed him to fusion failure as evidenced by the loosening of the sacral screws 6 months later. Furthermore, CT imaging of the lumbar spine did not reveal evidence of fusion at the anterior interbody cage. Without the anterior biomechanical load sharing from a fused interbody cage, the posterior instrumentation was placed at increased stresses, which predisposed the construct to failure. At that time, we wanted to avoid another posterior approach because of potential residual subclinical infection and bacterial biofilm formation around the instrumentation. The patient also had a large bony defect with all posterior elements removed from L3 to L5, and an attempt to achieve posterolateral fusion would have been challenging and potentially unsafe. For this reason, we chose to perform interbody fusions from the lateral transpsoas approach at L2-L3 and anterior retroperitoneal approach at L5-S1.
We present the first reported case of lumbar osteomyelitis with SEA treated surgically with a single-stage, posterior-only circumferential decompression and reconstruction with posterior instrumentation. In this case report, a posterior-only vertebral body reconstruction using an expandable titanium cage without the sacrifice of a lumbar nerve root was achieved. Although this approach is more technically challenging, it presents another viable option for the treatment of lumbar vertebral osteomyelitis that may reduce the morbidity associated with an anterior approach.
